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Subscapularis volume analysis as a radiological criterion for evaluating
success after arthroscopic repair of supraspinatus tears
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Abstract

Aim: The aim of this study was to compare the volumes of the supraspinatus and subscapularis muscles measured on preoperative magnetic resonance imag-
ing (MRI) with the volumes obtained at the end of the postoperative 1st year, and to examine whether the change in the intact subscapularis muscle volumes
is an indicator of well-being.

Materials and Methods: The study included twenty-one patients who underwent double-row arthroscopic repair for full-thickness isolated supraspinatus
rotator cuff tear and who were followed-up in our hospital between 2016 and 2019. All patients underwent clinical and radiological MRI examinations of the
shoulder before arthroscopic repair and at the final follow-up 1 year after surgical repair. Fatty degeneration of the supraspinatus muscles was graded ac-
cording to the Goutallier classification. Functional results were evaluated with the Constant shoulder score. For muscle volume measurements, sagittal oblique
PD-weighted images were used. The supraspinatus (SPS) and subscapularis (SS) muscle areas were measured in the Y-shape formed by the coracoid process,
spina scapula, and scapula body in the suprascapular groove.

Results: The mean age was 57.33 + 8.27 (range, 42 to 69) years. Among the patients, 57.1% (n = 12) were female and 42.9% (n = 9) were male. The mean
follow-up time was 22.57 + 7.87 (range, 12 to 36) months. The degrees of fatty degeneration according to the Goutallier classification were as follows: 7
patients (33%) had grade 1 atrophy, 10 patients (47.6%) had grade 2 atrophy and 4 patients (19%) had grade 3 atrophy. The Constant score increased from
48.38 + 5.57 t0 81.14 + 6.11 (p<0.001). On the final MRI examination, the supraspinatus muscle volume increased from a mean value of 462.48 + 135.68 to a
mean value of 480.81 + 140.83 (p =0,004). The mean subscapularis muscle volume increased from 1374.29 + 248.21 to 1415.71 + 250.56 (p<0.001). A positive
correlation was found between the postoperative subscapularis volume and postoperative supraspinatus volume values of the patients (p = 0.004; r = 0.601).
Discussion: The postoperative volume values of all patients increased in the follow-up after isolated supraspinatus tears. In the patients with grade 1 and 2
fatty degeneration, the volume increase in the supraspinatus and subscapularis muscles after repair was significant and correlated with each other. We think
that the use of subscapularis muscle volume in radiological assessment of well-being following the repair of the rotator cuff may be a criterion for evaluation
of success.
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Introduction

Rotator cuff tear is a common injury that causes pain and
functional disability. Arthroscopic surgical repair is a widely
accepted treatment for full-thickness rotator cuff tears, and
excellent clinical results have been reported [1]. Treatment
results are usually evaluated by pain, range of motion, and
clinical scorings [2].

MRI detects rotator cuff tears with high sensitivity and
specificity. Because of this feature, MRI has become a routinely
used method for the preoperative and postoperative evaluation
of patients with rotator cuff dysfunctions [3]. In recent years,
researchers have started to attach importance to radiological
evaluation as well as clinical evaluation in order to make
better conclusions after rotator cuff repair. These evaluations
have mostly focused on fatty infiltration and atrophy in the
supraspinatus muscle [4-6] .

As atrophy develops in the relevant muscle after rotator cuff
tears, it is natural to have an increase in the volume of an
atrophic muscle after rotator cuff repair [7,8]. If radiological
measurements are performed only for the repaired muscle
tissue, positive results are likely. In this case, it may not
radiologically reflect the actual success. There is currently no
definite and reliable method for preoperative and postoperative
quantitative evaluation of rotator cuff muscle volumes [9, 10].
However, a reliable parameter is important for estimating the
results after rotator cuff repair. Based on this, we thought that
the volume change in the subscapularis muscle, which has a
different insertion site from other components of the rotator
cuff, might be a better indicator [11].

In order to make better conclusions, we examined a group of
patients who had isolated supraspinatus muscle tear. The aim
of this study was to compare the volumes of the supraspinatus
and subscapularis muscles measured on preoperative magnetic
resonance images (MRI) with the volumes on MRI obtained at
least at the end of the first postoperative year. We also aimed
to examine whether the change in the volumes of the intact
subscapularis muscle was indicative of well-being of the rotator
cuff muscles.

Material and Methods

Twenty-one patients with chronic-degenerative rotator cuff
tears who underwent double-row arthroscopic rotator cuff
repair in our hospital between March 2016 and April 2019 were
retrospectively analyzed. Informed consent form was obtained
from each patient. The study protocol was approved by the
Clinical Research Ethics Committee of Bozok University (2017
-KAEK-189-2020.06.10-06).

Inclusion and Exclusion Criteria

Patients, whose MRI was performed in our hospital one week
before the operation, who had a follow-up MRI at least at the
end of the first postoperative year, who had a successful rotator
cuff repair, who had small and medium-size full-thickness
tear in the rotator cuff according to the DeOrio classification
[12] on preoperative MRI, and who were considered grade
1-2-3 according to the Goutallier classification system on
preoperative MRI, were included in the study [13].

Patients, who did not have preoperative and postoperative MRI
performed in our hospital, who had isolated subscapularis tear,

who had SLAP tear that required surgical intervention, who
had bankart lesion, who had a previous history of surgery in
the same shoulder, and whose data could not be reached, were
excluded from the study.

Surgical Procedures and Rehabilitation

All surgical procedures were performed using the standard
arthroscopic portals with the patient placed in the beach chair
position. Subacromial decompression and acromioplasty were
performed on all patients to create a smooth acromion. During
the surgery, rotator cuff tears were re-measured and the size
of the tear measured by MRI was confirmed. No further surgical
intervention was performed. In order to obtain better quality
tendon tissues, the torn rotator cuff tip was debrided. For
osteointegration of the rotator cuff tendons, spongy bone bed
at the rotator cuff insertion site was prepared with the help of
a burr. If the supraspinatus tendon’s mobility was not sufficient
for repair, the release was performed to mobilize the tendon. All
patients underwent arthroscopic double-row repair.

After rotator cuff repair, they were immobilized with a Velpeau
brace. Velpeau braces were used for 6 weeks in all patients. All
patients underwent the same rehabilitation program. On the
first postoperative day, passive shoulder movements, active
elbow and hand movements were started under the supervision
of a physiotherapist. After the brace was removed, active ROM
exercise for the supraspinatus muscle and range of motion
was started under the supervision of a physiotherapist, and the
patients were allowed to use their arms in daily activities. This
treatment protocol continued until the 12th week. At the end of
the 6th month, sports activities and heavy works were allowed.
The rehabilitation protocol was carried out with regular follow-
up under the supervision of a physiotherapist.

Clinical and radiological evaluation

Preoperative and postoperative clinical evaluation of all
patients was made according to the Constant score [1]. Clinical
scoring was categorized as follows: excellent, 90 to 100; good,
80 to 89; moderate, 70 to 79; or poor, 69 or lower.
Preoperative and postoperative (at the end of the first year)
radiological evaluations were performed in the same center
with shoulder MRI in all patients. A GE Signa Explorer 1.5 Tesla
(General Electric Medical Systems, Waukesha, WI, USA) device
was used for scans. All patients were placed in the supine
position and the shoulder was placed in a slightly external
rotation. A 16-channel coil was placed in the shoulder region
and scans were performed. Our clinic’s routine shoulder MRI
protocols were followed for shoulder MRI scans. The sequences
we used were as follows: axial proton density (PD) fat-
suppressed (TR / TE (repetition time/ echo time ) 3178/52 ms,
FOV (field of view) 20x20 cm, imaging matrix 256x256, cross-
section space 0.5 mm, cross-section thickness 3.5 mm), coronal
oblique PD fat-suppressed (TR / TE 3024/79 ms, FOV 16x16
cm, imaging matrix 224x224, cross section space 1, 0 mm,
cross-section thickness 3.0 mm), coronal oblique T1-weighted
(TR /TE 497/11 ms, FOV 16x16 cm, imaging matrix 288x192,
cross-section space 1.0 mm, cross- section thickness 3.0 mm),
sagittal oblique PD weighted sequences (TR / TE 3510/72 ms,
FOV 16X16 cm imaging matrix 224x224, cross-section space
1.0 mm, cross-section thickness 3.0 mm). The images were
then transferred to a workstation (Akgun PACS). The MRI was
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evaluated by an expert independent radiologist in the evaluation
of the musculoskeletal system who was blinded to the clinical
follow-up of the patients. The measurements were performed
by the same radiologist using the PACS system. Sagittal
oblique PD-weighted images were used for the measurements
[14]. The supraspinatus (SPS) and subscapularis (SS) muscle
areas were measured in the Y shape formed by the coracoid
process, spina scapula, and scapular body in the suprascapular
groove (Figure 1-2).

Figure 1-2. The supraspinatus (SPS) and subscapularis (SS)
muscle areas were measured in the Y shape formed by the
coracoid process, spina scapula, and scapular body in the su-
prascapular groove.
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Figure 3. Correlation analysis of the postoperative subscapu-
laris volume and postoperative supraspinatus volume values.

Statistical Analysis

While carrying out the statistics of the study, numerical
data were given as mean and standard deviation, and the
categorical data were given as numbers and percentages for
the descriptive statistics. The distribution of numerical data
was tested by histogram graphs. Repeated numerical data were
analyzed with the Wilcoxon test. Pearson correlation analysis
was used for correlations. A p-value of <0.05 was considered
statistically significant. SPSS 23.0 software package was used
for the analysis.

Results

The study included 21 patients who met the study criteria. The
mean age of all patients was 57.33 + 8.27 (range, 42 to 69)
years. Among the patients, 57.1% (n = 12) were female and
42.9% (n = 9) were male. The repair side was the right side
in 76.2% (n = 16) of the patients and the left side in 23.8%
(n = 5). The dominant side of all patients was the right side
(n = 16). The degrees of fatty degeneration according to the
Goutallier classification were as follows: 7 patients (33%) had
grade 1 atrophy, 10 patients (47.6%) had grade 2 atrophy and
4 patients (19%) had grade 3 atrophy. According to the DeOrio
classification, 1 patient had small tear (<1 cm) and 20 patients
had moderate tear (1-3 cm). Some descriptive data of the
patients are given in Table 1.

The postoperative clinical and radiological results were evaluated
in the first year. The patients’ mean follow-up time was 22.57
+ 7.87 (range, 12 to 36) months. The preoperative Constant
score was 48.38 + 5.57 and the postoperative Constant score
was 81.14 + 6.11; the difference was statistically significant
(p<0.001).

When the mean preoperative supraspinatus muscle volume
(462,48+135.68) was compared with the mean postoperative
muscle volume (480.81+140,83), the difference was statistically
significant (p <0.004). When the preoperative subscapularis
muscle volume (1374,29+248,21) was compared with the mean
postoperative muscle volume (1415,71+250,56), the difference
was statistically significant (p<0.001) (Table 2).

A correlation analysis was performed for the postoperative
subscapularis and postoperative supraspinatus
volumes. There was a significant positive correlation between
these values (p = 0.004; r = 0.601) (Figure 3).

The patients were divided into groups based on the Goutallier's
fatty degeneration classification, and their data were analyzed
separately. No significant difference was observed in the

volumes

preoperative - postoperative supraspinatus volumes of the
patients with grade 2 fatty degeneration. Apart from this, a
significant increase was observed in the postoperative period
in all other parameters of the patients with grade 1 and grade
2 fatty degeneration (p <0.05). In patients with grade 3 fatty
degeneration, no significant change was observed in the
preoperative and postoperative values (Table 3).

Discussion

In this study, we examined 21 patients who had isolated
supraspinatus tear and grade 3 and lower grade fatty
degeneration in order to make better conclusions after
rotator cuff repair. In the clinical evaluation of the results,
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Table 1. Descriptive data of patients

Characteristic ] %

Male 9 429
Sex

Female 12 57,1

Right 16 76,2
Side

Left 5 238

1. Grade 7 333
Prgoperative Goutallier Fatty 2 Grade 10 476
Dejeneration Grade

3. Grade 4 19,0
Preoperative DeOrio classifica- Small 1 48
Lol Medium 20 95,2

Table 2. Preoperative - postoperative radiological and clinical
evaluation of the patients.

Std.
Deviation
Preoperative Supraspinatus volume 462,48 21 135,68
0,004
Postoperative Supraspinatus volume 480,81 21 140,83
Preoperative Subscapularis volume 1374,29 21 248,21
<0,001
Postoperative Subscapularis volume 1415,71 21 250,56
Preoperative Constant score 48,38 21 557
<0,001
Postoperative Constant score 81,14 21 6,11

Table 3. Preoperative and postoperative volume analyses ac-
cording to Goutallier fatty degeneration stages and representa-
tion of the constant score.

Goutallier fatty Std.
Deviation

Dejeneration Grade

Preoperative Supraspinatus

460,57 7 143,57
volume
0,042
Postoperative Supraspinatus 478,57 7 142,01
volume
1.Grade Preoperative Subscapularis volume 1434,57 7 371,47
. . 0,042
Postoperative Subscapularis 1473,86 7 372,57
volume
Preoperative Constant score 49,43 7 3,95
0,017
Postoperative Constant score 82,00 7 3,83
Preoperative Supraspinatus volume 451,50 10 132,23
5 n 0,185
Postoperative Supraspinatus 459,00 10 129.96
volume
Preoperative Subscapularis volume 1348,00 10 169,91
2.Grade 0,009
Postoperative Subscapularis 1392,60 10 184,86
volume
Preoperative Constant score 50,80 10 4,44
0,005
Postoperative Constant score 83,40 10 6,39
Preoperative Supraspinatus volume 493,25 4 165,48
: . 0,068
Postoperative Supraspinatus 539,25 4 187.25
volume
Preoperatif Subscapularis volume 1334,50 4 187,74
3.Grade 0.144
Postoperative Subscapularis 137175 4 161,65 ’
volume
Preoperative Constant score 40,50 4 3,41
0,059
Postoperative Constant score 74,00 4 3,26

we obtained a favorable Constant score (81.14+6.11). In our
radiological evaluation at the end of the first year (1), we found
a statistically significant increase in the supraspinatus and
subscapularis muscle volumes (p <0.05). (2) In particular, there
was no statistically significant difference in the preoperative -
postoperative supraspinatus volumes of the patients with grade
2 fatty degeneration, while there was a significant difference
in their subscapularis volumes (p <0.009). (3) The patients with
grade 2 fatty degeneration had a better Constant score.
Rotator cuff muscles function in perfect harmony with each
other. They provide combined dynamic stabilization in many
shoulder movements [15]. Because of this harmony, injury to
any of these muscles causes the others to be affected [8, 16].
The strongest and largest one among the rotator cuff muscles is
the subscapularis muscle. Therefore, the subscapularis muscle
is very likely to be affected by possible rotator cuff injuries
[17]. In chronic degenerated isolated supraspinatus tears, the
subscapularis tendon is loaded more heavily, leading to changes
in its structure [18]. Based on this information, we investigated
the changes in the supraspinatus and subscapularis volumes
with preoperative MRI and in the 1st year after the successful
repair, and the correlation of these changes with functional
results in cases of isolated supraspinatus tears. The correlation
analysis revealed that the subscapularis volumes increased
significantly in the first year after successful supraspinatus
repairs and there was a positive correlation between the
postoperative subscapularis and postoperative
supraspinatus volume (p = 0.004; r = 0.601) (Figure 1). Based
on these results, we think that the change in the subscapularis
volume can be used as a radiological evaluation criterion after
successful supraspinatus repair.

volumes

The MRI is excellent for evaluating the ligament structures
and rotator cuff around the joint [11, 19]. However, there is
no clear parameter defined for the radiological evaluation of
success after rotator cuff repair [9, 10]. A reliable radiological
parameter is important in predicting results after repair.
Studies have reported conflicting results about the recovery
status of atrophy in the supraspinatus muscle after rotator cuff
repair. Although some of the authors have reported successful
clinical results after the repair, some have reported that atrophy
does not improve and is irreversible [20, 21]. Some other authors
have reported that atrophy and fat infiltration are improved
after successful rotator cuff repair [7, 22]. In our study, we
found an increase in analysis of both muscle volumes in grade
1 patients and only in the analysis of the subscapularis muscle
volume in grade 2 patients, which was statistically significant
(p <0.05). However, we could find no statistical significance in
grade 3 patients, though there was an increase in their muscle
volumes. Our study demonstrates that there is an increase in
muscle volumes after successful repair of isolated small and
medium-size supraspinatus tears, and good Constant scores
can be obtained in parallel with the increase in muscle volume
in these patients.

Chung [23] et al. examined the supraspinatus muscle volume
after rotator cuff repair. They reported that a supraspinatus
muscle volume on MRIs obtained in the early postoperative
period was increased compared to the preoperative volumes
and therefore, the supraspinatus volumes measured in the
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preoperative MRI evaluation might be misleading. They
reported that postoperative scan should be done immediately
with MRI and subsequent evaluations should be made by taking
this MRI into consideration in order to better evaluate the
radiological success after repair. We evaluated our patients with
MRI at the end of the first year. Radiologically, we evaluated
the supraspinatus and subscapularis volumes. No significant
difference was observed in the preoperative - postoperative
supraspinatus volumes of the patients with grade 2 fatty
degeneration. However, we found statistical significance in
the preoperative - postoperative subscapularis evaluation (p
<0.009). Postoperative early MRI is not preferred because it
brings additional costs and is often not necessary. Considering
our results, we think that it is appropriate to use subscapularis
as a criterion of success when evaluating patients radiologically.
Chung et al. already showed us that the supraspinatus
muscle volume was measured to be greater compared to the
preoperative volumes when the radiological examination was
performed immediately after repair [23]. This study shows that
preoperative supraspinatus volumes may not be measured
accurately. Although many authors have reported successful
results, they reported that atrophy of the supraspinatus muscle
did not improve [20, 21]. Thus, it can be concluded that the
evaluation of the supraspinatus muscle volume can be variable
and is not correlated with functional results. In the study by Hata
et al. examining [8] 23 patients with isolated supraspinatus
tear, the supraspinatus and infraspinatus muscle volumes
were examined. They reported that there was atrophy in the
infraspinatus muscle even if the infraspinatus tendon was
intact in cases of supraspinatus tears, and atrophy improved
with the repair of the supraspinatus muscle. Therefore, they
included the infraspinatus muscle in the evaluation. On MRI
evaluation at the 6th month, they reported that there was no
improvement in the supraspinatus muscle, but the volume of
the infraspinatus muscle increased. We think that it will be
appropriate to make evaluation with a muscle that is a part
of the cuff and has a different insertion (the subscapularis
muscle) rather than with the supraspinatus and infraspinatus
muscles alone in order to elucidate these contradictions in the
literature and to make better conclusions for MRI evaluation.
According to our results, we think that measuring the volume of
the subscapularis muscle is a reliable radiological criterion for
evaluating success and recovery.

The most important limitation of this study was the small
number of patients. The retrospective design of the study may
be another limitation. Prospective randomized studies including
higher number of patients are needed for better results.

Conclusion

The postoperative volume values were increased in the follow-
up in all patients after isolated supraspinatus tears. In the
patients with grade 1 and 2 fatty degeneration, the increases
in the supraspinatus and subscapularis muscle volumes were
significant after repair and were correlated with each other.
Therefore, the subscapularis muscle volume is a reliable
parameter in determining success in the radiological evaluation
of isolated supraspinatus tears.
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